This compendium has chapters on national policies and regional patterns, including population growth and migration. It also treats land-use decisions and deforestation, especially by small farmers, and the trend to ranching and concentration of land ownership. The prospects for intensification of cattle ranching are examined and found unlikely to reduce deforestation. The volume concludes with examples of participatory management and land-use planning.
Deforestation Monitoring
Brazil's National Institute for Space Research (INPE) has monitored deforestation in the country's Amazon region since 1988 using LANDSAT or equivalent imagery; with only one exception (1993), the "PRODES" monitoring has been annual (Brazil, INPE 2016) . Clearings 6.25 hectares and larger are detected. Since 2004 INPE has also maintained a program for "Detection of Deforestation in Real Time" (DETER) (Diniz, et al. 2015) . This uses the coarser-resolution MODIS satellite data, which can only detect clearings 25 hectares or larger but gives sufficiently frequent imagery to provide monthly estimates. INPE also has the "Terra Class" program to classify land uses in the deforested areas beginning in 2008, but without annual coverage (Brazil, INPE 2014a ). INPE's DEGRAD program interprets forest degradation, as from logging and fire, but with greater uncertainty than for deforestation monitoring (Brazil, INPE 2014b) . The Institute for People and the Environment in Amazonia (IMAZON), a nongovernmental organization, has independently monitored deforestation using MODIS (IMAZON 2016) . The group has also used LANDSAT to estimate both deforestation and degradation (Souza, et al. 2013) . The presence of independent monitoring has been important in encouraging the government to increase the transparency of the official programs over the years. In the first years of monitoring the official programs had numerous problems of political interference with the release of results when the news they brought was bad (Fearnside 1997) . Although not entirely free of such problems today, transparency has increased tremendously since the early years. As an example of other possible monitoring techniques, synthetic aperture radar (SAR) has been tested for detection of Amazonian deforestation and found capable of accurate estimates (Mesquita, et al. 2008) . Radar is able to penetrate cloud cover, thus avoiding one of the major limitations of optical sensors such as LANDSAT and MODIS; unfortunately, regular coverage of vast areas such as Amazonia is not available. One sign of a high risk of deforestation is the appearance of "endogenous" roads, also known as "clandestine" or "unofficial" roads, which can be detected on LANDSAT imagery (Brandão and Souza 2006 Presents the Brazilian government's system for monitoring forest degradation through such processes as logging and fire. Because degradation is more difficult to detect than deforestation, uncertainty is higher. Presents updated data from various types of satellite imagery: PRODES interprets annual data with 30-meter resolution, taken in the dry season (July and August); DETER interprets monthly data with 250+ m resolution, released at three-month intervals; fire pixel counts and maps (but not areas) from NOAA-AVHRR are also available. This IMAZON study analyzes LANDSAT from 2000 to 2010, confirming the accuracy of the government's PRODES monitoring program with deforestation within 2 percent of the official value. The study also estimated degradation from logging and fire, finding 50,815 km 2 had been degraded during this period, an area 30 percent the size of the 169,074 km 2 of outright deforestation. While deforestation slowed, the annual area degraded increased over the period.
Deforestation Causes
Deforestation causes vary widely in space and time in Amazonia (Fearnside 2005) . Some of the causes are explained by classical economics, where people clear in order plant crops or pasture to earn a profit from the products they sell (Margulis 2004), including sales in response to international trade (Faria and Almeida 2016). Prices of commodities were an important predictor of deforestation up to 2008 (Assunção, et al. 2015 . However, in many frontier locations and in the critical early stages of the deforestation process, much of the clearing in Amazonia is primarily for other reasons, such as establishment of land tenure, land speculation, money laundering, and capturing government subsidies (Fearnside 2001) . Even when no longer in a "frontier" phase, such as areas of ranch expansion in Mato Grosso in the [2001] [2002] [2003] [2004] period, speculation plays a role along with the profitability per hectare from cattle production itself (Mann, et al. 2014) . Small-farmer settlements in Brazil's agrarianreform program are significant contributors to deforestation (Schneider and Peres 2015 and Yanai, et al. 2016) , and this is especially true when the areas involved were previously dominated by large ranches (Pacheco 2009). Road access is a key factor by bringing population and investment and in increasing the profitability of deforestation, whether it be for agricultural production or for land speculation (Laurance, et al. 2002) . Deforestation can be modeled using two types of approach: bottom up and top down. With a bottom-up approach, the overall amount of forest clearing represents the sum of individual decisions in response to opportunities such as new roads, and responses to restrictions such as creation of protected areas. In a top-down approach, deforestation is a "demand-driven" process based on, for example, either expected values for gross national product or a projection of past deforestation trends. This external determination of the total cleared will lead to any specific action having no effect on the overall amount of deforestation (i.e., 100 percent "leakage"), the results being limited to indicating where deforestation is most likely to occur (e.g., Soares-Filho, et al. 2006) . The pushes and pulls of opportunities and restraints only affect where the clearing takes place, rather than the overall total. However, in reality decisions such as building roads or creating reserves do affect the overall amount of deforestation (see *Infrastructure* and *Protected Areas*).
Assunção, J., C. C. Gandour, and R. Rocha. 2015 A good presentation of deforestation in areas dominated by traditional economic logic based on production from agriculture and ranching (i.e., not effects such as land speculation, land-tenure establishment, and money laundering). 
Deforestation Actors
The question of who is responsible for the bulk of Amazonian deforestation has long been a central policy issue in Brazil. Different interest groups invariably accuse others of being the main agents. The Brazilian press has often placed the blame on small farmers, but the coincidence of deforestation with parts of the region dominated by larger properties provided a first demonstration of the opposite conclusion, with approximately 30 percent of the clearing attributable to landholdings with 100 hectares or less (the official definition of "small" properties in Brazilian Amazonia), the remaining 70 percent being by medium and large landholdings (Fearnside 1993) . More refined data are now available, showing that the relative role of large landholdings decreased disproportionately during the deforestation slowdown from 2004 to 2011, while the area cleared by small farmers declined much less; their percentage of the total was 13 percent in 2011 (Godar, et al. 2014) . In government settlement projects small farmers come from diverse backgrounds that affect their behavior and deforestation (Moran 1981) . Outside of government-organized settlement areas, small squatters are often in conflict with large ranchers and grileiros (land thieves who obtain public land through a variety of illegal means) (Schmink and Wood 1992) . These and other actors clear for a variety of "ulterior" motives such as maintaining land claims (whether legal or not) that provide profits from timber stocks and land speculation, in a sequence of events that is virtually entirely outside of government control (Fearnside 2008) . These frontier areas contrast with areas dominated by large ranchers and soy planters who are influenced by government policy decisions such as those affecting agricultural credit. They also differ from international market filters such as those that led to major soy companies agreeing to a "moratorium" on purchases from land deforested for soybeans and a similar agreement among large slaughterhouses on purchasing cattle from properties with illegal deforestation (Gibbs, et al. 2015 and Gibbs, et al. 2016; Nepstad, et al. 2014) . The force of soybeans has been greatly increased in Mato Grosso by trade and other influences from China, making this country a significant actor in Amazonian deforestation (Fearnside, et al. 2013 In two agreements in 2009, major slaughterhouses committed to refrain from purchasing cattle from properties with illegal deforestation and from properties that had not registered with georeferenced forest areas in the rural agricultural register (CAR). This study indicates that the agreements had a measurable effect in reducing deforestation through 2013. The study also notes that ranchers who were interviewed indicated frequent "cattle laundering," where animals from non-compliant properties were bought by middlemen who sold them to the slaughterhouses. Colonist agricultural production and behavior, including deforestation, depend on a variety of cultural differences among "types" of settlers. Agronomic and institutional limitations also contribute to deforestation producing modest results. 
Infrastructure
Government infrastructure projects such as highways, dams, waterways, railroads, and transmission lines are key features in the deforestation process (e.g., Nepstad, et al. 2001 ). Roads represent a major factor, complemented by influences from distance to markets, agricultural potential, credit, and the time since migrants gained access to the area (Pfaff 1999). Road effects are significant up to 100 km from the census tract through which the road passes (Pfaff, et al. 2007 ). An infrastructure-driven projection of deforestation was made by Laurance, et al. 2001 , assuming hypothetically that all of the infrastructure projects planned under the government's Avança Brasil program were built immediately. The decisions to undertake these projects are made by the government, but most of the processes that lead to subsequent deforestation are outside of government control. An example is provided by the Santarém-Cuiabá (BR-163) Highway: an assumption of "governance" greatly decreases deforestation (Soares-Filho, et al. 2004 ), but this is far from the reality along this highway route Simulates the impact of the proposed reopening the BR-319 (Manaus-Porto Velho) Highway on areas to which migrants from Rondônia would be likely to proceed in Roraima, an area far removed from the highway itself. An analysis of census-tract data, which are at a finer scale than municipality data, shows that roads lead to more deforestation not only in the census tracts where they pass but also in neighboring tracts through a "spillover" effect. Deforestation increases in census tracts with no roads if they are less than 100 km from a tract with a road. 
Agriculture and Ranching
Agriculture and ranching are the principal replacements for Amazon forest after deforestation. In the case of small farmers in government-organized settlement projects, the scale of agriculture is limited by the family labor available in each property, supplemented by hired labor that can be paid with funds from governmentsponsored agricultural credit (Fearnside 1986 ). Credit access is critical for these settlers, along with effects from wealth, lot size, product markets, and off-farm labor opportunities (Caviglia-Harris 2004) . In the case of larger ranches, in the 1970s and 1980s the government offered generous subsidies both through subsidized credit and through write-offs on taxes owed on activities in other parts of Brazil. This led to substantial areas being cleared in order to capture the subsidies, even though agronomic prospects were poor (Binswanger 1991). Livestock in very lowproductivity pastures spread as a means of maintaining claim to land for speculative purposes, the capital gain from reselling the land being more important than the income from actual beef production (Hecht 1993). During Brazil's period of hyperinflation, which lasted until the "Real Plan" economic reforms in 1994, the search for ways to protect the value of assets caused land values throughout Brazil, and especially in Amazonia, to increase even faster than the general rate of inflation. Speculation is still an important factor wherever new highways are planned, causing the value of newly accessible land to skyrocket. Within individual properties the rate that pasture can expand depends on the availability of external capital that is independent of profits made by the ranch operation itself (Walker, et al. 2000) . Models calculating the probability of extensive ranching based on beef production alone show the unfavorability of this option in much of the region unless land is obtained for free through "land grabbing" (grilagem), and shows the importance of speculation in the spread of ranching (Bowman, et al. 2012) . For the choice between soybeans and intensive pasture (not extensive ranching), rainfall is a critical determinant (Chomitz and Thomas 2003) . Soybeans have spread rapidly both in cerrado (central Brazilian savanna) and in Amazon forest areas in Mato Grosso, with a significant part being by replacement of existing cattle pastures (Fearnside 2001; Morton, et al. 2006) . However, the portion of this expansion that replaces pasture is not without impact on deforestation: the ranching activity in Mato Grosso is displaced to Pará, where forest is cleared for pasture (Arima, et al. 2011 A spatially explicit rent model (counting income from beef sales, not speculation or other "ulterior" gains) calculates that extensive cattle ranching has medium to high profitability (thirty-year average net present value > 250 US$/hectare) in 17-80 percent of Legal Amazonia if the land is obtained for free through "land grabbing" (grilagem), but only 9-13 percent if the land is purchased. This shows the importance of speculation and the need to control it. This study based on census-tract data shows that excessive rainfall decreases pasture productivity and the probability that an area will be used or agriculture or intensive livestock production, other things being equal. Note, however, that extensive ranching is not included in this result. Interview and satellite data from Pará both from areas with small farmers and those with large ranchers show the dominance of cattle in the economy. The availability of hired labor is a key limitation on expansion of cattle pasture for small farmers.
Forest Loss Through Extreme Degradation
"Deforestation" is the conversion of a land use that is classified as "forest" into one that is classified as "non-forest." This can not only occur by clearcutting using chainsaws but also by the forest being thinned by degradation to the point where it is no longer a forest. One way that this can occur is by selective logging, which affects a greater area of forest than does outright deforestation (Asner, et al. 2005 ). Another mechanism is through forest fires, which are much more likely to occur in areas disturbed by logging; the fires burn through the understory and preferentially kill large trees (Barlow, et al. 2003) . During severe El Niño events, as in 1997-1998, large areas burned in Pará (Alencar, et al. 2006) and Roraima (Barbosa and Fearnside 1999) . Severe droughts can kill trees even in the absence of fire (Lewis, et al. 2011; Phillips, et al. 2009 ). Large trees are particularly susceptible, as has been shown experimentally (Nepstad, et al. 2007 ). The combination of fire and drought can lead to rapid loss of forest biomass, and only a few return events can eliminate a forest (Berenguer, et al. 2014 Shows that even without fire, droughts exceed the tolerance of Amazonian trees causing substantial mortality, reduced growth and biomass loss. The forest lost 1.2 to 1.6 Pg C during the 2005 Atlantic-dipole drought in southern Amazonia, whereas in non-drought years the standing forest acts as a carbon sink of about 0.4 PgC per year.
Deforestation Impacts
Amazonian deforestation has a diverse array of impacts affecting both local populations and, particularly through effects on climate, populations in distant locations. Impacts on soil through such processes as erosion, leaching and phosphorus fixation affect the sustainability of production (Luizão, et al. 2009 ). Carbon loss from biomass and soil makes a significant contribution to global warming through emissions with each year's deforestation, and the potential for future impact is much greater due to the large amounts of carbon that could be released should the vast areas of remaining forest be lost (Fearnside 2000, and Fearnside and Barbosa 1998) . Deforestation greatly decreases evapotranspiration, eliminating most of the water recycling now performed by the forest. These losses are projected to cause reduced rainfall during the dry season (Sampaio, et al. 2007 ), which is the period when water is most needed for maintaining tropical forests. Simulation of the effect of the area deforested by 2007 shows that the severe droughts in southern Amazonia in 2005 and 2010 (which were driven by reduced water vapor supply to Amazonia provoked by ocean temperature changes rather than directly by deforestation) were made more severe by the effect of lost evapotranspiration resulting from this present-day level of clearing and that this effect is concentrated in the season and location most affected by these mega-droughts (Bagley, et al. 2014) . Aside from climatic effects, deforestation has direct consequences for the region's economy. The typical "boombust" pattern is one where economic output and human welfare are low when the deforestation process begins, rise on the basis of exploiting the forest and soil resources, and then crash as these resources near exhaustion (Celentano, et al. 2012 and Rodrigues, et al. 2009 ). Urbanization and replacement of pioneer smallholders by wealthier groups (such as soybean planters) can lead to subsequent increases in welfare as measured by averages at the municipality level (e.g., Caviglia-Harris, et al. 2016) . At the level of individual smallholders, forest conservation has benefits by providing a form of insurance against agricultural failures (Pattanayak and Sills 2001). Programs that provide benefits under integrated forest conservation and development projects increase household income but have had disappointing effects on increasing the material assets of the recipients, their means of production, and their contribution to forest conservation (Bauch, et al. 2014) . Deforestation (and forest conservation) affects public health, with malaria, acute respiratory infections and diarrhea being negatively correlated with the area under strict environmental protection at the municipality level (Bauch, et al. 2015) . However, proximity to forest also increases malaria incidence, creating a health cost for forest conservation (Valle and Clark 2013). This study performs simulations (20 × 20 km resolution) of rainfall in the portion of the Amazon Basin south of the equator using data for 2003-2010, a six-year period composed of two years with major droughts, two rainy years, and two "normal" years. Simulations were run with the land cover present in 2007 and with the "potential" land cover (i.e., without deforestation). The study shows that current levels of deforestation increased the intensity of drought, especially over southern Municipal-level analysis of welfare indicators and deforestation indicates different relationships depending on the stage to which deforestation has advanced and the factors underlying production, such as soil quality, climatic suitability, and landtenure security. Most areas are subject to a "boom-bust" pattern as the frontier phase passes, where welfare is supported by predatory exploitation of the forest and crashes when the resource is depleted, even as deforestation continues. Welfare can subsequently rise at high levels of deforestation in areas with highly favorable conditions for agriculture, such as those supporting soybean plantations. The study calculates net committed emissions of greenhouse gases from biomass and soil. This is the emission resulting from conversion of forest to the mosaic of pasture, agriculture, and secondary forest that trends imply as an equilibrium landscape after clearing. The study indicates significant contribution to global warming from deforestation both on a year-to-year basis and in terms of the potential for future emissions should deforestation be allowed to release the large carbon stocks present in the remaining forest. Deforestation has two opposing effects on malaria incidence: the "land-clearing effect" increasing malaria and at the same time greater distance from remaining forest acting to decreasing malaria. This study of 1.3 million malaria cases shows distance to forest having an effect 25 times more powerful than the landclearing effect. Forest conservation therefore has a health cost that must be mitigated.
Deforestation Control
Brazil's 1965 Forest Code contained regulations prohibiting deforestation on steep slopes, on hilltops, and within specified distances from watercourses and stream headwaters, as well as requiring a given portion of each property to remain in forest. The 1965 Forest Code was rarely enforced until the Ministry of the Environment's "crackdown" began in 2004, a change that spurred the "ruralist block" (representatives of large landholders) to mobilize to repeal or relax many of the code's restrictions. In 2012 the National Congress approved revising the Forest Code, gutting many of its deforestation restrictions (Soares-Filho, et al. 2014) . Before the federal government's crackdown in 2004, a state-government deforestation-control system had been implanted in Mato Grosso (Fearnside 2003 ), but its initial success was reversed when "soy king" Blairo Maggi was elected governor in 2002 (Rajão, et al. 2012) . Beginning in 2004 the federal government's repression program has been conducted under the Plan of Action for Prevention and Control of Deforestation in Legal Amazonia (PPCDAm) (Brazil, MMA 2013) . The effectiveness of this program in explaining the deforestation decline is a matter of some debate (see *Deforestation Causes*). From 2004 to 2008 deforestation rates closely track commodity prices, but thereafter the prices of soy and beef rose while deforestation continued to decline until 2012 (Assunção, et al. 2013) . The advent of the Detection of Deforestation in Real Time (DETER) program in 2004 gave a critical technological tool to the repression program, permitting enforcement efforts to focus on the most active areas of clearing (Assunção, et al. 2013) . After 2008 the crackdown had an effect, as shown by decreases in deforestation in locations targeted for inspection in some (but not all) of the Amazonian states (Börner, et al. 2015) and by greater reduction in deforestation rates in municipalities (counties) that were targeted as compared to those that were not (Arima, et al. 2014 and Cisneros, et al. 2015) . The various economic factors that can explain deforestation trends are unable to explain sharp peaks coincident with elections changing the presidential administration (Rodrigues-Filho, et al. 2015) . As elections approach, there is general anticipation of relaxed enforcement, as well as increased government spending for roads and agricultural credit. Further reduction of deforestation will require a series of command-and-control and other measures (Moutinho, et al. 2016 ).
Arima, E. Y., P. Barreto, E. Araujo, and B. Soares In 2008 IBAMA (Brazilian Institute for the Environment and Renewable Natural Resources) initiated a "blacklist" of municipalities with high deforestation. IBAMA focused its inspection effort on these municipalities, and landholders faced additional hurdles for licensing deforestation, had restrictions on agricultural credit, and had increased assistance from NGOs in registering properties in the Rural Environmental Register (CAR). Blacklisted municipalities had greater reduction in deforestation than non-blacklisted municipalities. Shows the impact of the reform (gutting) of Brazil's Forest Code in 2012 in allowing more "legal" deforestation.
Protected Areas
Creation and reinforcement of protected areas represent essential tools in efforts to avoid deforestation. Unlike repression through command and control, protected areas have a continuing effect long into the future. Brazil's National System of Conservation Units (SNUC), inaugurated in 2000, has both areas designated as being for "integral protection" and others for "sustainable use" (Brazil, MMA 2015) . "Conservation units" refer to the various kinds of parks and reserves in the SNUC, which is coordinated by the Ministry of the Environment. "Indigenous lands" (terras indígenas), which are under the Ministry of Justice, are also protected areas and account for more Amazonian forest than the conservation units. Over half of the Legal Amazonia region is now under some form of protection (Veríssimo, et al. 2011) . Indigenous lands have been most effective in resisting deforestation (Nepstad, et al. 2006) . The internationally financed Amazon Region Protected Areas (ARPA) program was critical in expanding the network of conservation units and its effectiveness in slowing deforestation (Soares-Filho, et al. 2010) . Reserve programs face choices between creating new areas with minimal protection on the ground ("paper parks") versus reinforcing existing areas, between expensive areas near the deforestation frontier versus inexpensive areas far from the frontier, and between politically difficult "integral protection" areas versus politically easy "sustainable use" ones (Fearnside 2003 ) . The location of protected areas is important in assuring their defensibility (Peres and Terborgh 1995) and effectiveness in avoiding deforestation (Nolte, et al. 2013) . Sustainable-use protected areas with high deforestation threat avoid more deforestation over an eight-year period than do integral-protection areas farther from the frontier, despite sustainable-use areas allowing more clearing (Pfaff, et al. 2014) . Unfortunately, despite the major advances in creating new protected areas, there is also a trend to reversing past commitments to protection by reducing the areas of existing reserves, by reclassifying them to categories with less protection, or by eliminating them altogether (Bernard, et al. 2014) .
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Environmental Services
Amazon forests provide environmental services to Brazil and to the world as a whole by storing carbon, recycling water, and maintaining biodiversity. Deforestation destroys these services. The value of the services to human society is far greater than the profit that can be made by deforesting, but the services are currently not rewarded economically (Fearnside 1997 , Fearnside 2008 . Better quantification of the services is an essential part of efforts to have them economically rewarded, thereby creating incentives to maintain forest rather than destroying it. Amazon forest biomass is proportional to the carbon stock, and estimates are still highly uncertain (Fearnside 2016) . Advances in remote sensing have great potential in improving estimates (Baccini, et al. 2012 and Saatchi, et al. 2011 ), but results are inconsistent (Mitchard, et al. 2014 ). The limitation is inadequate ground truth to calibrate interpretation of the imagery. The largest data set for ground measurements is the approximately 3,000 one-hectare plots measured by the RADAMBRASIL surveys mapped by Nogueira, et al. 2015 . These maps have been used to estimate emissions from Amazonian deforestation (e.g., Aguiar, et al. 2012) . The magnitude of greenhouse-gas emissions from deforestation represents the benefit that could be gained by not deforesting. The same is true of other environmental services. Biodiversity maintenance, although recognized for its great importance, faces a variety of challenges in being incorporated into the economy (Fearnside 1999) and lags behind global climate change in terms of short-term prospects for rewarding environmental services. Water cycling by Amazon forests is essential for maintaining rainfall in Brazil and in neighboring countries (Arraut, et al. 2012) . Deforestation and forest degradation cause loss of water recycling, among other environmental services (Foley, et al. 2007 ). This should provide ample reason for Brazil to curb Amazon deforestation but has less appeal than avoiding global warming and biodiversity loss for inducing contributions from other parts of the world. Programs for payment for environmental services (PES) in Brazilian Amazonia face a variety of challenges, including the widespread lack of secure land tenure (Wunder, et al. 2008 This study maps carbon stocks in both forest and non-forest vegetation types in Brazilian Amazonia using the RADAMBRASIL plots for forests. The loss to deforestation through 2013 is also calculated as compared to the "pre-modern" carbon stock that was present before the large increases in deforestation and degradation that began in the 1970s. Commissioned by the Ministry of the Environment, this book discusses the potential for payment or environmental services (PES) in Brazilian Amazonia. It outlines necessary conditions for PES to function, including the need for land-tenure status that assures the providers the right of exclusion. PES also cannot work where opportunity costs for providing the services are too high, for example, where land could be used for soybeans. Various barriers that need to be overcome are identified for different modes of PES. Important issues include assuring benefits for local residents and establishing "additionality" (demonstrating that the environmental services provided are the result of the PES program).
REDD (Reducing Emissions from Deforestation and Degradation)
Reducing Emissions from Deforestation and Degradation (REDD), including REDD+ and REDD++ for variants that encompass actions to recover or enhance forest biomass and to incorporate socioeconomic co-benefits, is the current term for avoided deforestation and related actions. REDD has two distinct forms. One is under "voluntary" markets where companies or individuals can purchase certificates representing carbon benefits but without counting against national mitigation commitments under the United Nations Framework Convention on Climate Change (UNFCCC), better known as the "Climate Convention." The other form of REDD is under the Climate Convention, where agreement has been reached that this will be part of the international effort to mitigate climate change. Until 2007 the Brazilian government opposed any sort of compensation for the climate benefits of avoiding deforestation (Fearnside 2001) . After most of the 2004-2012 decline in deforestation rate had occurred, the Brazilian government reversed its position on REDD (Brazil, CIMC 2008) , and it is now a central part of the country's proposals on climate mitigation (Brazil, MMA and MCTI 2014 and May, et al. 2011) . REDD is a highly controversial topic, with impassioned arguments both for and against. Benefits of REDD are reviewed by Nepstad, et al. 2013 . Various controversies and barriers need to be addressed to achieve both the climatic and the socioeconomic benefits of this mechanism (Fearnside 2012a) . One is the establishment of realistic "baselines," or reference scenarios, indicating how much deforestation would occur were a REDD project not implanted, as is clearly shown by the example of the first REDD project in the voluntary market (Yanai, et al. 2012) . The first REDD project in an indigenous land (the Sete de Setembro Indigenous Land) shows that reasonable baselines can be modeled but that they require a level of information and technical effort that is not available for most such areas (Vitel, et al. 2013) . One of the threats to the carbon benefits of REDD is loss of carbon in the protected forests due to drought and fire (Aragão and Shimabukuro 2010) . In fact, a fire in 2010 in the Sete de Setembro Indigenous Land has already provided an example (Ambiência 8 [2012] : 511-521).
Most fundamental is a series of decisions on how the carbon benefits are counted, representing a "theoretical battlefield" that can have more effect on the final results than the various uncertainties concerning forest biomass and other factors (Fearnside 2012b) . At REDD+ project sites in Brazilian Amazonia the opportunity to participate in the projects acts in synergy with the rural environmental register (CAR) and landtitling in providing an inducement for greater environmental compliance ( Duchelle, et al. 2014 Presents the controversies surrounding Reducing Emissions from Deforestation and Degradation (REDD), including the reluctance of European countries to make REDD more than a token part of mitigation efforts, since mitigation "at home," even if resulting in less climate benefit, will produce jobs and increase income in the European countries. Reviews a series of outstanding issues in how climate benefits are counted in proposed mechanisms, such as REDD, to reward avoided deforestation. Especially important is the question of the value attributed to time in the calculations. These
